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1. Motivation for the Higgs and Supersymmetry

Problem:
Gauge fields Z, W, W~ are massive
explicite mass terms in the Lagrangian < Dbreaking of gauge invariance

Solution: Higgs mechanism
scalar field postulated, mass terms from coupling to Higgs field

Higgs sector in the Standard Model:

Scalar SU(2) doublet: & = 0 N
® S .:'
Higgs potential: < 5
, S~ im >0
V(o) = 12 )cpch\ + A )chcb\ . A>0 e S g
H<0
u2 < 0: Spontaneous symmetry breaking / - -
02 o D]
minimum of potential at P — = B
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0
b = (unitary gauge)
v+ H

H: elementary scalar field, Higgs boson

LLagrange density:

Lhiggs = (Dp®) T (DF®) — V(&)
Gauge invariant coupling to gauge fields
= mass terms for gauge bosons and fermions

1.) VV®D coupling:

v X X v U X CH H  H
= VV mass terms — triple/quartic couplings to gauge bosons

93”2/2 = MVQ[/, (Q% + g%)v2/2 = M% = coupling o« masses
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2.) fermion mass terms: Yukawa couplings

mr=vgr= coupling o« masses

3.) mass of the Higgs boson: self coupling

a2
v x\ P H >\ — MH/’U
:i\:/ . My = vV free parameter
v x SO H — last unknown parameter of the SM

= establish Higgs mechanism = find the Higgs & measure its couplings
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Another effect of the Higgs field:
Scattering of longitudinal W bosons: W;W; — Wy Wy

W. %74
_ M ; K+ ;;{M +ow
s
W. %% for B — oo

= violation of unitarity

Contribution of a scalar particle with couplings prop. to the mass:

Mg = ;}H{Z + EH _gWWHM4 + O(1)
W. %% M for £ — oo
_ _ E® 5 2,0
Mot = My + Mg = A (QWWH g Mw) + ...
%74

= compensation of terms with bad high-energy behavior for

IgwwH = g My
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What else do we know about the Higgs boson?

SM at high energies 800.0 e

— upper limit on Myg:
— dependence of coupling
A from energy scale A
= divergence: Landau pole

600.0 |

400.0 |

M, (GeV)

— lower limit on Mg
— stability of the vacuum :
V(v) < V(O) 200.0 |
[Coleman, Weinberg '73]

Landau pole

Potential bounded from below

— combined = 00 =

6 12 15

10 10 10

10°
A (GeV)

/\: scale up to which the SM is valid
N\ = MGUT = 130 GeV SJ MH SJ 180 GeV
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Indirect measurements via precision observables (POs):

Comparison of electro-weak precision observables with theory:

EW Precision data: T heory:
My, sin? Ogsr, . . . — | SM, MSSM , ...

Y

Test of theory at quantum level: Sensitivity to loop corrections

All parameters of the model enter
limits on Mg
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Global fit to all SM data:
[LEPEWWG '05]

6

= My = 91733 GeV - Moo |
— Run-| average

My < 186 GeV, 95% C.L. . B Prel. |
N>< |

3 3
Assumption for the fit: 2 |
SM incl. Higgs boson |
1_ —
= no confirmation of . . |

Higgs mechanism 0 EXIC|U|de|d | S |
30 100 500

m, [GeV]

= Higgs boson seems to be light, My < 200 GeV
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Motivation for SUSY

Supersymmetry (SUSY) : Symmetry between

Bosons <« Fermions

Q |Fermion) — |Boson)
@ |Boson) — |Fermion)

Simplified examples:
Q |top, t) — |[scalar top, )

@ [gluon, g) — [gluino, g)
= each SM multiplet is enlarged to its double size
Unbroken SUSY: All particles in a multiplet have the same mass

Reality: me. #= mz; = SUSY is broken . ..

...Via soft SUSY-breaking terms in the Lagrangian

SUSY particles are made heavy: Mg gy = O(1 TeV)
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Supersymmetry: Motivation

The SM is in a pretty good shape.
Why MSSM?7 (Is it worth to double the particle spectrum?)

— more than 9 reasons as a motivation:
(incl. 3 1/2 exp. verified SUSY predictions!)

1.) (Original motivation:) Stability of Higgs mass against higher order
corrections in the MSSM

— MSUSY = O(l TG\/)

2.) Haag-Lopuszanski-Sohnius theorem:
maximal gauge symmetry for a QFT:
inner gauge symmetry ® (local) Susy

3.) Lorentz algebra C Susy algebra (local)
— connection to general relativity
Superstring theories contain N = 1 Susy as low energy limit.

Sven Heinemeyer, IFCA Santander, 13.12.2005
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4.) Unification of gauge couplings:
Not possible in the SM, but in
the MSSM (although it was not
designed for it.)

= Mgysy = O(1 TeV)

5.) Lifetime of the proton: for SU(5)
GUTs:

Tp,SI\/I < Tp7eXp < Tp,SUSY

Unification of the Coupling Constants
in the SM and the minimal MSSM

Sof irm
6.) Spontaneous symmetry breaking E | |
40 F
via Higgs mechanism is automat- ol
ically achieved in SUSY GUTSs ) |
— T ;
10 |
SUSY prediction #1 ;
experimentally verified: ° >0 110?ogQ
my = 150 — 200 GeV
Sven Heinemeyer, IFCA Santander, 13.12.2005 11



Sparticle Mass (GeV)
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7.) Prediction for sin Oy . = 3
low energy prediction via RGE — T

SUSY prediction #2 exp. verified:
Sin2 O ~ 0.232

8.) LSP (lightest SUSY particle) is stable

SUSY prediction #3 exp. verified: __
cold dark matter 51 %
(with correct properties) 4-

Mtop

----- Run-I/11 prel.

9.) Prediction of a light Higgs boson in the N;f 3
MSSM (see below): m; < 135 GeV |
Indirect search: Global fit to SM data:
[LEPEWWG '05]

Excluded ™.

—Run-| average |

SUSY prediction #3 1/2 exp. verified: 0 0 =00
mp, S 135 GeV m,, [GeV]

...) Solution for Flavor problem? Solution for Baryogenesis?
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The Minimal Supersymmetric Standard Model (MSSM)

Superpartners for Standard Model particles

Enlarged Higgs sector: Two Higgs doublets
Problem in the MSSM: many scales

— CPV will be neglected throughout this talk!

u, d,c,s,t, b_ LR € 1, T LR Ve,uT| Spin 5
_f&, d,c,s,1, b-L,R e, L, ?_ LR _ﬁe,M,T_L Spin O

Spin 1 / Spin O

1
Spin —
P 2

Sven Heinemeyer, IFCA Santander, 13.12.2005
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Enlarged Higgs sector: Two Higgs doublets

H = (H% ) _ (Ul+(¢1+i><1)/\/§)
H3 1

(72)~ (vt o)
Hz vo + (P2 +ix2)/V?2

V. = miHHy +m3HyHy — mis(eqpHYHS + h.c.)

Ho

_|_

12 2 2
g +g = = g ~
o (H1H1 — HaM0)° + = |H1Ho?
o ~ g \/

gauge couplings, in contrast to SM

physical states: h°, HY, A9 H+
Goldstone bosons: G, G+

Input parameters: (to be determined experimentally)

tan g :z—i, M% = —m3,(tan 8 4+ cot 3)
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Contrary to the SM:

my, iS not a free parameter

MSSM tree-level bound: m; < My, excluded by LEP Higgs searches

LLarge radiative corrections:
Dominant one-loop corrections:

™mz Mz
2 4 i1 "o
Amh ~ Gumt |ﬂ (7)
t

The MSSM Higgs sector is connected to all
other sector via loop corrections
(especially to the scalar top sector)

Measurement of my;, Higgs couplings = test of the theory

LHC: Amj, ~ 0.2 GeV
ILC: Amy, ~ 0.05 GeV

= my, Will be (the best?) electroweak precision observable

Sven Heinemeyer, IFCA Santander, 13.12.2005
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Upper bound on my in the MSSM:

“Unconstrained MSSM' :
M 4, tan 3, 5 parameters in t—b sector, pu, mg, Mo

my, SJ 135 GeV

for my = 172.7 GeV

(including theoretical uncertainties from unknown higher orders)
=- Observable at the LHC

Obtained with:

FeynHiggs

[S.H., W. Hollik, G. Weiglein '98, '00, '02]
[T. Hahn, S.H., W. Hollik, G. Weiglein '03, '04]

www.feynhiggs.de

— all Higgs masses, couplings, BRs (easy to link, easy to use :-)

Sven Heinemeyer, IFCA Santander, 13.12.2005
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The decoupling limit:

500
For M4 2 150 GeV:
450
The lightest MSSM Higgs is 100
SM-like
_ 350
The heavy MSSM Higgses: <
My~ My~ Mg+ & 3
%250
=
200
150
100
of course there are exceptions . .. "

50

My

— h

H
— A
—H+'

™ scen., tanB = 5

FeynHiggs2.2 ]

100 150 200 250 300 350 400 450 500
M, [GeV]
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t/b sector of the MSSM: (scalar partner of the top/bottom quark)

Stop, sbottom mass matrices (X¢ = A; — p/tan B, X, = A, — utang):

M2 — M{QL + m? + DTy, my X o mtzl 0
2 =
m X Mg+ mf + DTy, 0 mz
2 2 2
2 =
my X}, MBQR + mf + DTy, 0 m%z

mixing important in stop sector (also in sbottom sector for large tan )

soft SUSY-breaking parameters A;, A; also appear in qﬁ-f/'l; couplings

SU(2) relation = My, = MBL

= relation between mfl,mfz,é’g, m517m62795

Sven Heinemeyer, IFCA Santander, 13.12.2005 19



2. The final LEP results [LEP Higgs WG '03, '04, '05]

Search for the Standard Model Higgs at LEP:

Dominant production process:
ete™ — ZH:

b -20

SN

— Observed
-------- Expected for backgrotind
SEREEIEIN Expected for signal plus background

R
| ‘ I ‘ I ‘ T ‘ b 1 | ‘ T ‘ I ‘ I

106 108 110 112 114 116 118 120

m, (G eV/cz)

Exclusion limit, 95% C.L.: My > 114.4 GeV (expected: 115.3 GeV)
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Search for the MSSM Higgs bosons:

Situation is more involved due to many SUSY parameters

— investigate benchmark scenarios:

4.

— Vary only M4 and tan g
— Keep all other SUSY parameters fixed

. mg‘ax scenario:

— obtain conservative tan @ exclusion bounds (X; = 2 Mgysy)

. NO-mixing scenario

— no mixing in the scalar top sector (X; = 0)

. sSmall aeff SCENArio

— hbb coupling ~ sin aefr/ COS3 can be zero: aef — O:
main decay mode vanishes, important search channel vanishes

gluophobic Higgs scenario
— hgg coupling is small: main LHC production mode vanishes

[M. Carena, S.H., C. Wagner, G. Weiglein '02]

Sven Heinemeyer, IFCA Santander, 13.12.2005
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Results in the mfrpax scenario: [LEP Higgs Working Group '04]
Experimental search vs. upper mj-bound (FeynHiggs2.0)

my = 174.3 GeV, Mgysy = 1 TeV:

L EP 88-209 GeV Prelirpilna(y -

myp > 92.7 GeV
(expected: 94.8 GeV), 95% C.L.

My > 93.1 GeV
(expected: 95.1 GeV)

Inaccessible
O 20 40 60 80 100 120 2140
m, . (GeV/c")
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Parameter region where experimental lower bound on my is significantly
lower than SM bound, Mg > 114.4 GeV, corresponds to sin2(6 — aeff) K 1

“Excluded’” tan 3 region:

0.7 <tanp < 2.2

Note: this exclusion bound assumes
me, MSUSY fixed, my = 174.3 GeV, MSUSY =1 TeV

Nno theoretical uncertainties included

Note: new m; value: my = 172.7 &+ 2.9 GeV

parametric uncertainty: 5m2ara ~ dmy

Sven Heinemeyer, IFCA Santander, 13.12.2005 23



Effect of new corrections and my; — m¢ + om,
[S.H., W. Hollik, G. Weiglein '05]

L | T T 1 | T T 1 | L | T T 1 I LI T T 1
I m, ", FH2.2, m = 172.7 GeV i
+ 3 GeV theory unc.
m, ", FH2.2, m = (172.7+2.9) GeV
+ 3 GeV theory unc.
o«  k _
§ B SM exclusion bound | T
1 ]
i 1 1 1 | | 11 1 1 | 11 1 1 | ] II 11 ] | 11 1 1 | 11 1 1 |
80 90 100 110 120 130 140 150

m, [GeV]

= precise knowledge of m; important!
= Low tan g region not fully excluded by LEP!
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Results in the no-mixing scenario [LEP Higgs Working Group '04]

Experimental search vs. upper my-bound (FeynHiggs2.0)

my = 174.3 GeV, Msysy =1 TeV:

L EP 88-209 GeV Prdli mi nar

5
= No Mixing |
St m;, > 92.8 GeV
10 (expected: 94.9 GeV), 95% C.L.
My > 93.1 GeV
(expected: 95.1 GeV)
1 Theoretically

Inaccessible 0.7 < tan g < 4.6 excluded

0O 20 40 60 80 100 120 2140
m,. (GeV/c")
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3. MSSM Higgs bosons at the Tevatron

Search for the SM Higgs:

Dominant production processes:

S

Sven Heinemeyer, IFCA Santander, 13.12.2005
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Expectations for Higgs discovery at the Tevatron:

—_ T T
- SKISY/HTiRs Wotkenhop
§ [ Huyssshsitivic Study (03) -+ -5 ————-
il Istical power oply |

§ 10 - (losystemalics) | __ =" 1 |

> e
b i S =

] o o

=

E T s

3 -_—-'I__— e 5 Disdovery

£ 7 Evidence

= 1 CEHEr RS

100 105 110 115 120 125 130 135 140
Higgs Mass my, [Go\ﬂc’]

Unfortunately: luminosity problems = progress remains unclear

~ 2006/07: sensitivity for 95% C.L. exclusion for M ~ 120 GeV

~ 2008/09: sensitivity for 30 evidence for My ~ 120 GeV
SM Higgs up to My ~ 130 GeV can be excluded at 95% C.L.
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Current status

of SM Higgs search:

[CDF, DO '05]

Cross-Section X Br (pb)

-1
(=

_IllllllllllilllllIIIIIlIIIIIllIIIIIli!II_

[ WH-savhb TH vkl Ho W= bl ]
L Do:mzpet L0:2lph™ CDF: 13 phk* VW WP
CDF: 1 pht

L

[

T T TRTIAT

t

11 11

"

TH—v vtk i} o
| CDF @ ph’ AR s HWw —bb _
= V= VTR CD'F: 519 ph LO: 29525 ph 3
C DO: 365 30 ph =
" i} IM gz HVW
S WH—WbE i i
—
= S WH-WWW 3
F SM TH-Zkb _—_‘-‘_--"‘"-\-..:

III|IIII|IIIIIIF IIIIIEIIIlIIIiIII

110 120 130 140 |150 e 170 180
my, (GeV)

Can they close the gap?
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MSSM Higgs searches (I): Search for a “SM-like"” light Higgs:

Prediction in “simplified” versions of the MSSM:

(m;*P = 172.7 GeV, im

[A. Dedes, S.H., S. Su, G. Weiglein '03]

7P =129 GeV)

[S.H., W. Hollik, G. Weiglein '04, '05]

max. my, [GeV] | dmy,/dmy | for m™P + 26my
MSUGRA/CMSSM 125.6 0.65 129.4
MGMSB 120.0 0.70 124.1
MAMSB 121.5 0.53 124.9

Exclusion potential of the Tevatron: MM < 130 GeV

— Tevatron can exclude mSUGRA/CMSSM, mGMSB, mAMSB, ...

Sven Heinemeyer, IFCA Santande

r, 13.12.2005
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Possible problem in SUSY:

h — bb
can be strongly suppressed
— “Small aeff Scenario”

[M. Carena, S.H., C. Wagner,
G. Weiglein '02]

tan3

= Strong suppression of
h — bb possible,
up to M4 < 350 GeV

(not realized in
MSUGRA/CMSSM, GMSB,
AMSB, ...)

50

40

30

20

10

= |

600 800 1000

M, [GeV]
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MSSM Higgs searches (II): “Heavy” MSSM Higgs bosons

Search modes:

bb— bbb,
pPp— @ —T

¢=hH A

+

Y

¢ =h,H,A

Strong enhancement compared to the SM:

o(bbA) x BR(A — bb)

o(gg,bb — A) x BR(A — 7'+7'_)

20(3

~ O‘(bEA)SM

~ o(gg,bb — A)gm

tan? 3 9

1+ 20,2 (1+28,)%+09

tan< 3
(14 2p)% 49

= ——mgputanf x I(ml;l,mBQ,mg)

37

o
+ ﬂAtﬂ tang x I(mflam{{Qa,u)

Either H ~ A or h~ A = another factor of 2

Sven Heinemeyer, IFCA Santander, 13.12.2005
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Existing Tevatron data allows bounds on SUSY parameter space:

u =+200 GeV, M, =200 GeV, m; = 0.8 My,qy

100F MSSM Higgs bosons D@ Moo, =1 ToV, X, = VB My, (m,"); My, =2TeV,X,= 0 (no-mixing)
bbo( - bb), = h, H, A 100

u>0_E

no mixing

0
m
-l .
= E
@ b0r 60 E
c [ 9 ‘ 2 CDF Runll 310 pb E
- 40__ % No mixing | & 2 - IILIIS?MIHiggsﬁn Search E
X Max. mixing “ retiminary E
o u\ 20 _
\ ..
&~ Wtinny, no mixing
1 I 1 1 1 I 1 1 1 T7777 -
80 100 120 140 %0 100 120 140 160 180 200
m, (Gev) m, (GeVic?)
[DO '05] [CDF '05]

= Bounds on the MSSM parameter space for low M 4, high tan g:
tan g ~ 50 excluded for M4 ~ 100 GeV
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Existing Tevatron data allows bounds on SUSY parameter space:

u =+200 GeV, M, =200 GeV, m; = 0.8 My,qy

100F MSSM Higgs bosons D@ Moo, =1 ToV, X, = VB My, (m,"); My, =2TeV,X,= 0 (no-mixing)
bbo( - bb), = h, H, A 100

u>0_E

no mixing

0
m
-l .
= E
@ b0r 60 E
c [ 9 ‘ 2 CDF Runll 310 pb E
- 40__ % No mixing | & 2 - IILIIS?MIHiggsﬁn Search E
X Max. mixing “ retiminary E
o u\ 20 _
\ ..
&~ Wtinny, no mixing
1 I 1 1 1 I 1 1 1 T7777 -
80 100 120 140 %0 100 120 140 160 180 200
m, (Gev) m, (GeVic?)
[DO '05] [CDF '05]

= Bounds on the MSSM parameter space for low M 4, high tan g:

tan g ~ 50 excluded for M4 ~ 100 GeV
in certain benchmark scenarios!
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Dependence of Tevatron bounds from bbg, ¢ — bb on u:
[M. Carena, S.H., C. Wagner, G. Weiglein '05]

130 T T T T T I T T T T I T T T ] 130 T T T T T T T T I T T T T I T T T T I T T T T I T T T T
120 3 120 no-mixing, Tevatron: bbg, ¢ -> bb =
- m, ", Tevatron: bbg, ¢->bb ] c Mg sy = 1000 GeV 3
110 — 110 =
E —— K =-1000 GeV B E
100¢ —— | =-500 GeV E 100 ¢
90 F — [ =-200 GeV =

80F —— U =+200 GeV =

tanp
tanf

40F —— =-1000 GeV -

300 —— W =-500 GeV _E
E 3 o — u=-200GeV
20E E 20 —— W=+200GeV ]
10F = 10F H=+500 GeV
E 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 3 =L 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 3
90 100 110 120 130 140 150 920 100 110 120 130 140 150
M, [GeV] M, [GeV]

= strong variation with the sign and absolute value of u

= much stronger or weaker bounds possible
no bounds for p = 200 GeV
(positive pu preferred by (g —2)u)
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Dependence of Tevatron bounds from pp — ¢, ¢ — 7~ on e
[M. Carena, S.H., C. Wagner, G. Weiglein '05]

130_|||| TTTT TTTT TTTT TTTT TTTT TTTT TTT TTTT TTTT TT T 130_|||| TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT T TT

120 120
110 110
100 100
90 9
@ - @ -
I 80 :— . g 80 :_
: max : :

70 m, — (CDF), full &, — 70 no-mixing, Tevatron: ¢ -> 1t, full &,

i —— u=-300 E sof —— W =-300 GeV E

- —— pu=-200 ; C —— | =-200 GeV :

N —— [ =+200 E 50 —— 1= +200 GeV =

W= +500 ] i = +500 GeV. ]

40 —— = +1000 E 40 —— 1= +1000 GeV E

30IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: 30:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:

90 100 110 120 130 140 150 160 170 180 190 200 90 100 110 120 130 140 150 160 170 180 190 200
M, [GeV] M, [GeV]

= less strong variation with the sign and absolute value of u
(— numerical compensations in production and decay)

= still much stronger or weaker bounds possible
strong dependence on benchmark scenario
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4. MSSM Higgs bosons at the LHC

Higgs search in the SM:

Important production channel at the LHC:

Gluon-Fusion:

Sven Heinemeyer, IFCA Santander, 13.12.2005 35



SM Higgs search at the LHC: = full parameter accessible
[ATLAS '05]

—8— VBFH- WW

—4&— VBFH- 11
H - yy (inclusive + VBF)
H- ZZ - 4l (with K-factors)
H- ZZ - 4l (no K-factors)
ttH,H - bb

—A— H-> WW S Iviv

—46— H- ZZ- libb

J. L dt=10 fb_1 B --VBFH- zZ- ligq

[y
o
N

—&— Combined

Signal Significance
[

[EY
o

100 200 300 400 500
M, (GeV)
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Higgs coupling determination at the LHC:

[M. Diihrssen, S.H., H. Logan, D. Rainwater, G. Weiglein, D. Zeppenfeld '04]

0.4

0.3

0.2

0.1

without Syst. uncertainty

2 Experiments

L dt=2*300 fb -

1

WBF: 2*100 fb

110 120 130 140 150 160 170 180 190

m, [GeV]

With mild theory assumptions:

— typical accuracies of 10-15%
for myg < 150 GeV

— 5% accuracies for HVV couplings
above WW threshold

— Systematic errors contribute
up to half of the total error,
especially at high luminosity

Sven Heinemeyer, IFCA Santander, 13.12.2005
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MSSM Higgs searches (I): light SM-like Higgs bosons

Possible problem in SUSY:

50
n e (0.0-0.2
— h — B ° 0.2-04
gg 77 : e 04-0.6
can be strongly suppressed 40 - DR
L e >1.0
— “gluophobic Higgs scenario” -
30—
[M. Carena, S.H., C. Wagner, “ -
G. Weiglein '02] S !
20 —
= Strong suppression of I
10 —
gg — h — ~~y possible i
over the whole parameter space i :
| | | | | | | | | | | | | | | | |
OO 200 400 600 800 1000

M, [GeV]
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MSSM Higgs searches (II): “Heavy” MSSM Higgs bosons

MSSM Higgs discovery contours in M —tan g plane

S0
40 -
e

30 -

20

N

max
(771;L

w » 0O OO NOOO
T T T T T

benchmark scenario):

ATLAS-300fb ™

maximal mixing

+
h’ HOA’H

h only

L EP excluded

15

10

=1 1IN
W

71
i

HA =77 =147 jet+X, 30 fb™

7‘ \E T \é‘ \E\ T ‘ T T T ‘ T T T T 11 T 11 N AR
1 H Eaf
1B A
=INERaE R
3 NEc|:
| B Sk &7 5
3 '|E9z .
:gg CIERE >97‘ .g@X
1T EE NEAA :
L 57
1 BT EE 7 < ]
=3 E | %
1 Hr E |Z ]
S
4 CMS, 100 fb
\gé/ E S maximal stop mixing
] i ; \\\\\\\\\\\\\ ]
mE SR
E ||u||||
g

Excluded by LEP |

200

300

400 500
m, (GeV)

600

700
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Most powerful search modes for heavy MSSM Higgs bosons:

bb — H/A — 777~ 4+ X
pp — tHT* + X, HT — v,

Enhancement factors compared to the SM case:

tan? g y BR(H - 7777)+BR(A— 777)
(1 4+ Ap)2 BR(H — 777 )gm

H/A

€+ tan26
(14 A2

x BR(HY — 1v;)

= A\, effects so far neglected by ATLAS/CMS
also relevant for BR(H/A — 7)), BR(H* — 7u;)

also relevant: correct evaluation of M(H/A/H* — SUSY)
= additional effects on BR(H/A — 7T77), BR(H* — 7u7;)
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Dependence of LHC wedge from bb — H/A — 777~ on u:
[M. Carena, S.H., C. Wagner, G. Weiglein '05]

S L B L L L BN SO
I m, ", LHC: bbH/A, HIA -> Tt | I no-mixing, LHC: bbH/A, H/A -> 1t
L —— p=-1000 GeV i, | —— H=-1000 Gev
[ —— p=-500 GeV L —— p=-500 GeV
0 =-200Gev 40~ —— p=-200 GeV
| —— 1=+200 GeV [ —— W=+200GeV
i = +500 GeV W= +500 Gev
@ [ =—— p=+1000 GeV o I — W =+1000 GeV
S 30 - S 30 -

20 — 20

1 ) I I I ) I I 11 I
SOO 300 400

1 L1 |
500

1 L1 |
600

1 ) I I 18 L1 1 1 I L1 1 1 I |
700 800 00 300 400

M, [GeV] M, [GeV]

1 L1 |
500

1 L1 |
600

700 800

= non-negligible variation with the sign and absolute value of u
(— numerical compensations in production and decay)

= much stronger or weaker bounds possible
than in existing analysis
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Dependence of the LHC wedge from pp — tH*, HE — 7v; on u:
[M. Carena, S.H., C. Wagner, G. Weiglein '05]

50 LI T T I LI T T I LI T T I LI T T LI T T LI T T 50 T T LI I T LI T I T T LI I T LI T
B max t 7] B .. t
m,, LHC: H™-> 1V, | B no-mixing, LHC: H™->1v,
- =—— p=-1000 GeV - =—— i =-1000 GeV
| —— p=-500 GeV | —— p=-500 GeV
40 — 40 —
| = u=-200 GeV | = u=-200 GeV
| —— p=+200 GeV | —— p=+200 GeV
p =+500 GeV u =+500 GeV
@ [ —— p=+1000 GeV @ [ —— p=+1000GeV
% 30 % 30— —

20
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1 L1 |
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400
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P B
350

1 L1 |
400

450 500

= non-negligible variation with the sign and absolute value of u
(— numerical compensations in production and decay)

= much stronger or weaker bounds possible
than in existing analysis

Sven Heinemeyer, IFCA Santander, 13.12.2005

42



5. Prospects for the ILC

ILC: eTe™ accelerator: possible start:

SM Higgs boson at the ILC:

Higgs-Strahlung:

= Measurement of masses, couplings, ...

2015

Weak boson fusion:

in per cent/per mille
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SM Higgs boson precision measurements at the ILC:

.
T

Precise measurement of:

1. Higgs boson mass,
OMy ~ 50 MeV

2. Higgs boson width
(direct/indirect)

3. Higgs boson couplings, 107 L
O (few%) = |

4. Higgs boson quantum
numbers: spin, ... 10°

o
=1
|

SM Higgs Branching Ratio

100 110 120 130 140 150 160

[ TESLA TDR ’'01]

MSSM: similar precision expected (possible problems from loop corrections)
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Precision physics in the MSSM Higgs sector

Precise measurement of Higgs branching ratios
= Sensitivity to deviations SM / MSSM
E.g.: Prediction for o(eTe™ — Zh) x BR(h — WW?*) in parameter region

allowed by cosmology: comparison mSUGRA — SM:
[J. Ellis, S.H., K. Olive, G. Weiglein '02]

4 >0, tan 8 = 10, 50:

400|||:|||||||||||||||||||||||

= In allowed parameter

1 Space: sizable deviations
{from SM predictions for
precision observables in the
_ Higgs sector possible

300

200
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.-lo
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N IR
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Experimental situation:

Tevatron/LHC/ILC will provide high accuracy measurements !
(Same holds for astro-physics experiments like PLANCK, .. .)

T heory situation:

measured observables have to be compared with theoretical predictions
(in the MSSM)

High precision of experimental data can only fully be exploited

if it is matched with
theoretical calculations (masses, couplings) at the same level of accuracy

T heoretical calculations should be viewed as
an essential part of all future High Energy
Physics programs
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6. Conclusinos

e — Higgs mechanism is the most attractive solution for EWSB
— SUSY is the most attractive extension of the SM

e [he LEP results are finally ready
MSSM: search in certain benchmark scenarios
= no significant deviation found in the SM/MSSM search

e Tevatron is actively searching for the Higgs:

SM: no sensitivity vet; with 8 fb~1: //3M < 130 GeV can be excluded
MSSM: current data allows to set bounds on the parameter space
important: strong dependence on pu
MSUGRA/CMSSM, mGMSB, mAMSB can be excluded!

e Prospects for LHC Higgs searches:

SM: no problem; coupling determination at the 5-15% level
MSSM: LHC wedge: only the light A can be found
— strong dependence on u

e ILC Higgs measurements:

SM/MSSM: very good prospects; precise theory calculations needed
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Back-up
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MSSM Example: Prediction for My, in the SM and the MSSM

80.70

80.60
% 80.50
.
=
=
80.40
80.30
MSSM L
80.20 both models E
| | | |Heinemeyer, Weiglein '05 7

160 165 170 175 180 185 190

m, [GeV]

MSSM uncertainty:
unknown masses
of SUSY particles

SM uncertainty:
unknown Higgs mass
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MSSM Example: Prediction for My, in the SM and the MSSM

[T T 11 | 1T T | 1T T 1 | 1T T 1 L T 1T T ]
80 70 L experimental errors 68% CL.: _
- LEP2/Tevatron (today)
80.601~ MSSM uncertainty:
_ i unknown masses
E 80.50 |- of SUSY particles
o i
= 50,40 SM uncertainty:
1 unknown Higgs mass
80.30 u
SME 1]
MSSM B |
80.20 both models E ]
| | | |Heinemeyer, Weiglein '05 :

160 165 170 175 180 185 190
m, [GeV]
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MSSM Example: Prediction for My, in the SM and the MSSM

[T T 11 | 1T T | 1T T 1 | 1T T 1 L T 1T T ]
80 70 L experimental errors 68% CL.: _
- LEP2/Tevatron (today)
. Tevatron/LHC
80.601~ ILC/GigaZ MSSM uncertainty:
_ I unknown masses
E 80.50 |- of SUSY particles
o i
= 50,40 SM uncertainty:
1 unknown Higgs mass
80.30 ]
SM E : :
MSSM B |
80.20 both models E ]
| | | |Heinemeyer, Weiglein '05 :

160 165 170 175 180 185 190
m, [GeV]
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What is the "CMSSM" or "mSUGRA" 7

= Scenario characterized by

mo, m]_/Qa AO7 tanﬁ) Sign:u

mo . universal scalar mass parameter

mq /5 @ universal gaugino mass parameter } gt the GUT scale

Ag @ universal trilinear coupling

/

tan @ : ratio of Higgs vacuum expectation values

sign(u) : sign of supersymmetric Higgs parameter
= particle spectra from renormalization group running to weak scale

Lightest SUSY particle (LSP) is usually lightest neutralino
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Low-energy parameters (at the electroweak (EW) scale) via
" Renormalization group equations” (RGES)

[RGE: equations that connect parameters at different energy scales]

My=300 GeV, M, »,=100 GeV, Ay=0
400

BOO Al T T —

200

100 — .

Sparticle Mass (GeV)

103 106 109 1012 1019
Q (GeV)

Note: one parameter in the Higgs potential becomes negative
= Higgs mechanism for free
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“Typical” CMSSM scenario

(SPS 1a benchmark scenario):

SPS home page:

www.ippp.dur.ac.uk/~georg/sps

= My, SJ 130 GeV
= Oobservable at the Tevatron

800
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